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Under the mentorship of Dr. Dongyu Jia
ABSTRACT
Drosophila melanogaster, fruit flies, are very important for modeling and studying human
diseases. This study identifies human genes of interest and their contributions to epithelial
ovarian carcinogenesis and progression as well as the roles orthologs of these genes play in
Drosophila melanogaster. This is important because ovarian cancer is the most common cause of
death among the gynecological cancers. This identification of genes was carried out using a
forward genetic screen employing the widely used GMR-Gal4 driver/UAS-transgene system.
The GMR-Gal4 driver is commonly utilized to express transgenes in the developing eye of the
fruit fly. Transgenes that are expressed using the GMR-Gal4 driver result in a rough eye
phenotype and these expressed genes form the human genes of interest. The focus was then on
those genes whose misexpression have been recorded to contribute directly to ovarian cancer.
The caspase-3, CASP3, gene fit these criteria and through literature exploration was confirmed to
be part of a pro-apoptosis signaling pathway, whose misexpression results in uncontrolled
proliferation of ovarian cancer cells. CASP3 is strongly linked to ovarian tumor malignancy.
Literature exploration was done to identify the gene functions and apoptosis signaling pathways
of caspase-3 in fruit flies and humans. Further research can be carried out to explore caspase-3 in







I would like to thank the Honors College for the opportunities given to me, especially the
opportunity to pursue faculty-mentored research. I would also like to thank Dr. Dongyu Jia for
his guidance while this research project was being carried out, and this thesis was being
developed. Lastly, I would like to thank the Department of Biology for creating an environment,
where students are encouraged to, and supported while they pursue research.
2
INTRODUCTION
Drosophila Melanogaster, commonly known as the fruit fly is a model organism for
studying human diseases. This is because of how inexpensive it is to maintain a fly stock, how
short Drosophila lifespan is, and how relatively small and conserved their genome is, in
comparison to other model organisms. Drosophila also produces a large number of progeny.
Furthermore, it has been established that 75% of disease-causing genes in humans have
homologs in flies and 60% of Drosophila genome is homologous with the human genome
(Mirzoyan et al. 2019) Another feature is because of how easy it is to manipulate fruit fly
genome, a lot of genetic tools for research have been developed.
One of these tools is the Gal4/UAS system used to study gene expression. Gal4 gene
codes for Gal4 protein, which is a yeast transcription activator protein and the UAS (Upstream
Activation Sequence) is a specific enhancer sequence where Gal4 protein binds in order to
activate gene transcription. A driver sequence is inserted beside the Gal4 gene sequence and this
driver influences where the yeast production will occur. A transgene of interest is inserted beside
the UAS. A genetic screen was set up to screen hundreds of genes and identify those that caused
eye phenotypic changes when GMR was the driver used, as GMR causes human gene expression
in the eye. Database exploration was then carried out to identify those that had direct or
significant contribution to ovarian cancer.
MATERIALS AND METHODS
The UAS human gene lines were obtained from the Bloomington Drosophila Stock
Center located at Indiana University. Each vial contained flies carrying a different human
transgene and was assigned a unique 4-5-digit Bloomington (BL) stock number. This BL stock
number was assigned by the Bloomington Center. The transgenic flies were cultured in the same
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conditions as the GMR-Gal4 flies already present in the lab: in vials containing 10mL of food
made with preservative and incubated in a 25℃ incubator. Female virgin GMR-Gal4 flies were
identified and collected, to be crossed with male flies of each human gene line (BL flies). The
GMR-Gal4 fly stocks were regularly checked for female virgins on CO2 pads. CO2 temporarily
knocked the flies out, and a continuous stream of CO2 from the CO2 pads kept them in that
condition until removed. Male BL flies were also collected from each BL tube using CO2 pads.
The experimental crosses were set up by transferring three virgin female GMR-Gal4 flies and
three male flies from each BL vial into labelled yeast vials. The yeast vials contained regular fly
food and had wet yeast paste smeared on one side of the tube. These cross vials were incubated
until eggs were laid and the mobile pupae climbed the sides of the vials. The adult flies were
then transferred to a new vial to prevent cross breeding between the parent generation and
offspring.
Once the F1 progeny fully hatched from their pupae, their eyes were analyzed under a
simple light microscope for morphological changes to the eye, particularly eye size. The
progeny’s eye morphologies were compared to those of a control group consisting of F1 progeny
of GMR-Gal4 male and female crosses. For phenotypes that did not match the control group,
their BL numbers were recorded. Some genes made no difference in eye size but affected other
features like eye shape and hairiness. The genes of interest in a GMR-Gal4/UAS-transgene
system are those that affect eye size. When the screening was complete, the BL stock numbers
were entered into the well curated database for Drosophila genetics, Flybase, to obtain the
human gene names and Drosophila melanogaster gene orthologs. The human gene names were
then entered into the human gene database, GeneCards, to obtain most relevant diseases
associated with each human gene. Genes most closely related to ovarian cancer were shortlisted
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and their functions and signaling pathways in humans and fruit flies were contrasted. Existing
literature was also explored to determine the genes’ roles in ovarian carcinogenesis and
metastasis.
RESULTS
Table 1: Table showing human transgenes that caused the rough eye phenotype, their function as







Drosophila melanogaster Gene Ortholog
77944 BMP1 - tok
80046 CHRM3 - mAChR-A
76355 CASP3 apoptosis Drice
78413 BMPR1B - tkv
66053 C8A - Dab
30122 APLP2 - Appl
9570 Bcr-Abl - -
66080 KCNA5 - Sh
78393 EBF1 - kn
65052 DUX4 - eyg, toe
66094 KCNA6 - Sh
77927 HTR1D - 5-HT7
66289 CAV3 - -
79131 HOXD4 - Dfd
78419 MBNL3 - mbl
78420 NPHS1 - sns
66270 ITGAE - if, ItgaPS4, ItgaPS5, scb
76827 NINJ1 - NijC
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DISCUSSION
A single gene can give rise to several different diseases and disorders depending on what
mutation occurred. Of the 18 human genes which caused the rough eye phenotype in the F1 fly
generation, only one had a direct link to ovarian cancer. That is, under the ‘Disorders’ section for
each gene search in the GeneCards Human Gene Database, only CASP3 (caspase-3) had ovarian
cancer listed. Many of the other genes of interest were associated with other kinds of cancers
including leukemia, colon and spleen cancer. Ovarian cancer is very hard to diagnose early and it
is the leading cause of death among the five gynecological cancers in females (Jayson et al.
2014). This is why it is urgent to develop more effective diagnosis techniques and better
treatment strategies.
Cysteinyl aspartate-specific proteases (caspases) are a protein family consisting of
cysteine proteases that play an important role in programmed cell death as a result of apoptosis
(Nicholson, 1999). There are at least 14 mammalian caspases all of which share several
similarities, including an N-terminal pro-domain followed by a large subunit of approximately
20kDa in size (p20) and a smaller subunit of about 10kDa (p10) (Parker et al. 2010). Mammalian
caspases can be classified in different ways. They are classified into two major phylogenic
sub-families: those related to caspase-1 (ICE, interleukin-1β converting enzyme) and those
related to CED-3 (Nicholson, 1999). They can also be classified according to their temporal
activation during the apoptotic process, into the apical/initiator caspases and effector/executioner
caspases (Xu et al. 2018). Furthermore, caspases can be classified according to structure and
function, into Groups I and II and III.
Caspase-3 falls under Group III which includes the downstream executioner caspases that
have short pro-domain, are activated by the initiator caspases and carry out the direct proteolytic
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cleavage of apoptotic target proteins (Lavrik et al. 2005). Caspase-3 is activated by two different
pathways: a mitochondria-mediated (intrinsic) and a death-receptor mediated (extrinsic)
pathway. In the cell-extrinsic pathway activation, death-induced signaling complexes, also called
DISCs, activate caspase-8. In type I cells, activated caspase-8 cleaves caspase-3 directly. In type
II cells, the intrinsic pathway involves release of cytochrome c from the intermembrane space of
the mitochondria into the cytoplasm (Parrish et al. 2013). This release of cytochrome c is
mediated by tBid interacting with activated caspase-8. This causes an apoptosome to form,
followed by caspase-9 which then cleaves and activates caspase-3 (Lavrik et al. 2005).
Caspase-3 activation has been linked to morphological changes and DNA fragmentation that
cause apoptosis (Kusuma et al. 2018). In Drosophila, the effector caspases, and those closest in
function to caspase-3 include death related ICE-like caspase (drice) and death-caspase-1
(dcp-1). Like human effector caspases, these are also activated by initiator caspases.
Caspase-3 in Ovarian Cancer
The role of caspase-3 in cancer progression is still somewhat controversial, as activation
of caspase-3 was detected in normal tissue, but not in peritumoral or squamous cell tissue in oral
cancer, and caspase-3 expression was increased in breast cancer but not in normal breast tissue
(Kusuma et al. 2018). In ovarian cancer, higher expression of caspase-3 has been found in benign
epithelial ovarian cancer and lower expression was found in borderline and malignant epithelial
type ovarian cancer (Kusuma et al. 2018). This means that while there is reduced expression of
caspase-3 in ovarian tumors, expression is still higher in those classified as benign than those
classified as malignant. The malignancy of the ovarian tumors is linked to caspase-3 expression.
The caspase proteins are also involved in key signaling pathways such as Hippo, Notch,
JAK-STAT and TGF-β, as well as cell cycle regulators (Xu et al. 2018). Downregulating caspase
7
activity, including that of caspase-3, compromises these pathways. These pathways are highly
conserved across species and play critical roles in embryogenic growth and development.
Embryogenesis is a tightly regulated process. When these pathways are not functioning properly,
it promotes uncontrolled cell proliferation. Cancer is now being studied as a disease of
development because a lot of these pathways have been shown to be reactivated and/or
dysregulated in adult cancer cells. Furthermore, caspase-3 is involved in dedifferentiation of
some specialized cell types into induced-pluripotent stem cells. The evidence of this is that
cleaved non-functioning caspase-3 is a common feature of advanced cancer stages where there is
abnormal differentiation of the cancerous cells (Xu et al. 2018). Caspase-3 also aids metastasis.
Metastasis is the movement of cancerous cells from their primary site to secondary sites. It does
this by cleaving Tau, which stabilizes the neuronal microtubule in PC12 cells (Xu et al. 2018).
This then enables migration.
CONCLUSION
Drosophila melanogaster is effective in modeling ovarian cancer and other human
diseases. Many human disease-causing genes have fruit fly orthologs. Genetic screens using the
Gal4/UAS system are an efficient technique for screening many genes to identify target genes of
interest. Ovarian cancer is one of the diseases that has been successfully modelled in fruit flies
and adequate research is being done with it. Future directions for caspase-3 and ovarian cancer
research, would be identifying how caspase-3 can be employed in both diagnosis, prognosis and
treatment of even the most malignant ovarian cancers.
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